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Aims This study aimed to establish whether higher levels of glycated haemoglobin (HbA1c) are associated with increased
sudden cardiac arrest (SCA) risk in non-diabetic individuals.

Methods Case—control study in non-diabetic individuals (HbA1c <6.5%) in the Netherlands. Cases were SCA patients with

and results electrocardiogram (ECG)-documented ventricular fibrillation (VF, the predominant cause of SCA) and HbA1c
measurements immediately after VF, prospectively included in September 2009—December 2012. Controls (up to
10 per case) were age/sex-matched non-SCA individuals, included in July 2006—November 2007. We studied 306
cases (56.4 £ 6.8 years, 79.1% male) and 1722 controls (54.0 + 6.8 years, 64.8% male). HbA1c levels were higher in
cases than in controls (5.8+0.3% vs. 54+0.3%, P<0.001). The proportion of increased HbA1c (>5.7%) was
63.1% in cases and 19.3% in controls (P <0.001). Multivariate regression models indicated that increased HbA1c
was associated with a > six-fold increased VF risk [adjusted odds ratio (OR,q) 6.74 (5.00-9.09)] and that 0.1% in-
crease in HbA1c level was associated with 1.4-fold increase in VF risk, independent of concomitant cardiovascular
risk factors. Increased VF risk at higher HbA1c is associated with acute myocardial infarction (Ml) as cause of VF
[OR 1.14 (1.04-1.24)], but the association between HbA1c and VF was similar in non-MI patients [OR 1.32 (1.21-
1.44)] and Ml patients [OR 1.47 (1.37-1.58)].

Conclusion Among non-diabetic individuals, risk of VF increased with rising HbAlc levels, independent of concomitant cardio-
vascular disease. Future studies should establish whether HbA1c level may be used as biomarker to recognize indi-
viduals at risk for VF.
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What’s new?

® Increased ventricular fibrillation (VF) risk exists not only in
patients with diabetes but also in individuals with impaired
blood glucose control (> six-fold increased VF risk).

® Even in individuals without cardiovascular disease risk factors
increased HbA1c was associated with VF risk.

Introduction

Sudden cardiac arrest (SCA) remains a general health problem, caus-
ing 20% of deaths in industrialized societies." The predominant cause
of SCA is malignant ventricular arrhythmias (ventricular fibrillation,
VF). Recognition of individuals at risk of VF is presently limited and
predictors of VF must be discovered. Diabetes mellitus Type 2 (DM)
is a known risk factor for VF. Increased VF risk in DM patients is medi-
ated by multiple factors, in particular, higher incidence of cardiovascu-
lar disease (CVD), i.e. coronary artery disease and myocardial
infarction (MI).>* Other DM-related factors, e.g. autonomic neuropa-
thy,*> QT prolongation,® and hyperglycaemia may also increase VF
risk.2 In DM patients, reduction in blood levels of glycated haemoglo-
bin A1c (HbA1c; this marker reflects average blood glucose levels in
the preceding 2-3 months) is associated with lower risk of coronary
artery disease, non-fatal Ml, and SCA in numerous,L9 but not all™®
studies. Consistent with this finding, in non-diabetic individuals, in-
creasing HbA1c levels are associated with increasing CVD risk.!12
However, whether higher HbA1c levels in non-diabetics are associ-
ated with VF is not established, as only few studies are available, and
these studies show inconsistent results or have important methodo-
logical limitations.>"> An association between HbA1c and VF risk is
plausible, since DM-related pathophysiologic changes, some of which
increase VF risk, may already exist in non-diabetic individuals whose
blood glucose control is impaired, but not sufficiently abnormal for
the diagnosis of DM.

We hypothesized that individuals with impaired blood glucose
control have increased VF risk. Studying these individuals has great
significance since their numbers are on the rise in the present
obesity epidemic. These individuals can be identified by increased
HbA1c levels (>5.7% and <6.5%; HbA1c >6.5% is generally con-
sidered DM). Thus, testing our hypothesis may also provide an in-
dication of whether HbA1c levels may be developed as
biomarker for VF risk in these individuals. We conducted a case—
control study to compare HbA1c levels between out-of-hospital
SCA cases with ECG-documented VF and matched non-SCA con-
trols. To investigate whether a possible association is influenced
by manifest CVD or CVD risk factors, we separately assessed the
relation between HbA1c levels and VF risk in individuals with
CVD or CVD risk factors and in those without. Moreover, as
previous studies in DM-patients have shown an association be-
tween HbA1c and both non-fatal MI®'" and MI,12 we investigated
whether higher HbA1c levels in non-diabetic individuals are asso-
ciated with a larger proportion of Ml as cause of VF, and whether
higher VF risk at increased HbA1c levels exists both in the pres-
ence and absence of Ml.

Methods

Study design

In this case—control study, we compared patients with out-of-hospital
SCA with ECG-documented VF (cases) to age/sex-matched non-SCA
individuals (controls). Cases were consecutively included from the
ARREST registry' in the period September 2009-December 2012.
Controls were selected from the New Hoorn Study in the period July
2006—November 2007."® The Institutional Review Boards approved the
ARREST registry and New Hoorn Study, and all SCA survivors and study
participants, respectively, provided written informed consent. Our inves-
tigation complies with the Declaration of Helsinki.

Inclusion of study participants and data
collection

Cases

Details of the ARREST registry were published previously."* In short, all
out-of-hospital SCA resuscitation attempts occurring in a contiguous
study region (North-Holland province of the Netherlands, urban and ru-
ral areas, population 2.4 million) were registered in collaboration with all
emergency medical services and hospitals in the study region. Of all regis-
tered SCAs, resuscitation ECGs were collected to ascertain presence of
VF; SCA cases without ECG-documented VF were excluded from the
present study because it could not be ruled out that SCA resulted from
non-cardiac causes (e.g. stroke, ruptured aneurysm, pulmonary embo-
lism) in these patients. Medical information was retrieved from the treat-
ing hospital or the general practitioner (GP) to establish the presence of
CVD risk factors. The immediate cause of VF (Ml vs. no Ml) was retrieved
from hospital records. Medication use in the year before SCA was re-
trieved from the patients’ pharmacists. HbA1c was prospectively
obtained from blood samples collected upon hospital arrival of all VF
cases who were transported to the Academic Medical Center
Amsterdam during the study period. HbA1c measurements were
performed at the clinical chemistry laboratory of this hospital by cation
exchange chromatography using HPLC technology (Tosoh G8
Automated Glycohemoglobin Analyzer, Goffin Meyvis, Etten-Leur, The
Netherlands).

For the present study, we included VF cases aged 40-65 years (the age
range of the control cohort) in whom a cardiac cause of SCA was verified
from hospital records (n=799). Patients were excluded when consent
could not be retrieved (n=70), they died before hospital admission
(n=119), no blood was drawn (n = 114), HbA1c measurement was miss-
ing or failed (n=36), or their medical history could not be retrieved
(n=42). Cases with known DM as diagnosed by a GP and cases who
used anti-diabetes medication (n=59) or in whom HbAc levels were
above the cut off level of 6.5% (n=153) were also excluded. The final
study case sample consisted of 306 cases.

Controls

Controls were participants of the New Hoorn Study, a population-based
study on DM, in which information is recorded on manifest CVD and
CVD risk factors along with plasma HbA1c levels of 2807 men or women
aged 4065 years from the general population of the town of Hoorn, the
Netherlands."® The New Hoorn study was selected as non-SCA control
cohort because its study region is located entirely within the area cov-
ered by ARREST. All HbA1c measurements were performed at the clini-
cal chemistry laboratory of the VU University Medical Center
Amsterdam, using Diabetes Control and Complications Trial standard-
ized reverse-phase cation exchange chromatography (HA 8160 analyser;
Menarini, Florence, Italy) in blood taken under fasting and standardized
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conditions.”® For the present study, we excluded participants with
HbA1c levels >6.5% or those who used glucose-lowering treatment
(n=27), with known DM (n=85), missing HbA1c (n=20), or missing
medical history (n=296). Up to 10 controls were matched to each case
based on age (+1year) and sex. After exclusion of 657 controls who
could not be matched to a case, the final matched control sample used
for this study consisted of 1722 controls.

Definitions

We considered manifest CVD and CVD risk factors as potentially con-
founding to the association between HbA1c level and VF. Cardiovascular
disease (yes/no) was defined as previous Ml or previous stroke.
Cardiovascular disease risk factors (yes/no) were defined as current
smoking, hypertension, hypercholesterolaemia, or obesity. Cardiovascu-
lar disease and smoking status were physician-reported in cases and self-
reported in controls, both by questionnaire. In both cases and controls,
hypertension was defined as physician-reported and/or use of antihyper-
tensive drugs; hypercholesterolaemia as physician-reported, use of antili-
pidaemic drugs, or total plasma cholesterol level >6.5 mmol/L; obesity as
physician-reported or body mass index >30kg/m? Additionally, in-
creased HbA1c was defined as an HbA1c of 5.7-6.4%, according to the
guidelines of the American Diabetes Association.®

Statistical analysis

Continuous variables are presented as mean + standard deviation, and
categorical data are absolute numbers and proportions. Normal distribu-
tion of the data was tested using Shapiro—Wilk’s test and data were nor-
mally distributed. Differences between cases and controls were tested
using the % test or Student’s t test, where appropriate.

The association between 0.1% point increase in HbA1c levels and VF
risk was estimated using conditional logistic regression analysis. The as-
sumption of linearity was checked by making quartiles for the cases and
applying the same cut-offs to the controls; this confirmed that the as-
sumption of linearity was valid. Additionally, the analysis was performed
with increased HbAlc (yes/no) as predictor of VF. To address the possi-
bility of confounding by concomitant CVD or CVD risk factors, we per-
formed multivariate conditional logistic regression analyses, adjusting for
CVD and CVD risk factors (Model 1), or CVD propensity score (Model
2). Cardiovascular disease propensity score was the predicted probability
of having suffered VF based on CVD or CVD risk factors. Additionally, a
sensitivity analysis was performed using propensity score matching for
the probability of being a case with age, sex and the confounders of
Model 1. A calliper of 0.1 was used, with matching of 1 to a maximum of
10 controls.

The presence of interaction on a multiplicative scale between HbA1c
and CVD, CVD risk factors, and sex was estimated by consecutively in-
cluding the cross-product of the two factors as a variable in Model 1. To
further investigate a possible confounding effect by the presence of CVD
or CVD risk factors, we studied the relation between HbA1c levels (using
the categorical variable) and VF risk stratified according to presence of
CVD or CVD risk factors. In these unmatched subgroups, multivariate lo-
gistic regression analysis with adjustment for age, sex, and presence of
CVD or CVD risk factors, where appropriate, was performed to estimate
the association with VF. Among cases with a known hospital-diagnosed
cause of VF, HbA'lc levels were compared between cases whose immedi-
ate cause of VF was M, and those with other causes using Model 1.
Additionally, among cases with a known hospital-diagnosis and their
matched controls, the association between HbA1c levels and VF was
stratified by cause (Ml vs. non-Ml).

We considered a P-value <0.05 as statistically significant. All statistical
analyses were performed using the SPSS software package for Mac (SPSS
for Mac, version 20.0, SPSS Inc.).

Results

We identified 306 eligible cases (mean age 56.4 years, 79.1% male)
and 1722 matched controls (54.0 years, 64.8% male, Figure 7). Mean
HbA1c level was higher in cases than in controls [39.5+3.4 vs.
35.6+34mmol/mol (5.8+£0.3 vs. 54+0.3%), P<0.001], and in-
creased HbA1c was present in 63.1% of cases compared to 19.3% of
controls (P<0.001, Table 7). The distribution of HbA1c levels was
shifted towards higher values in cases compared to controls
(Figure 2). Previous MI, previous stroke, smoking, hypertension, and/
or hypercholesterolaemia were more prevalent among cases than
controls, but obesity was not (Table 7).

Every 0.1% point increase in HbA1c was associated with a 1.4-fold
increase in VF risk in the whole cohort, as we observed in both mod-
els (Table 2); additionally, increased HbA1c (5.7—6.4%) was associated
with a > six-fold increased VF risk {odds ratio (ORmoge11) 6.7 [95%
confidence interval (Cl): 5.0-9.1]; OR 042 6.1 (95% Cl: 4.6-8.3)}.

Figure 3 shows the stratified analysis for the association between
HbA1c and VF risk according to sex, presence of CVD, and presence
of CVD risk factors. The association appeared to be stronger in fe-
male patients, but the interaction between sex and Hbalc was not
statistically significant (P=0.130). Similarly, no significant interaction
between presence of CVD and the association between HbA1c and
VF risk was observed (P=10.829). However, presence of CVD risk
factors showed a significant interaction with the association between
HbA1c and VF risk (P=0.033); in patients without CVD risk factors
this association was stronger [OR 9.58 (5.54-16.57)] than in those
with CVD risk factors [OR 5.68 (4.11-7.85)].

Propensity score matching resulted in a selection of 89.2% of cases
and 89.9% of controls, excluding the outliers (Supplementary mate-
rial online, Table S1). Our sensitivity analyses using propensity score
matching showed similar results as our multivariate analyses with an
OR of 1.39 (1.32-1.46) for every 0.1% point increase of HbA1c and
5.93 (4.41-7.98) for increased HbA1c (Supplementary material on-
line, Table S2).

To analyse whether increased VF risk at elevated HbA1c levels is
associated with a larger proportion of Ml as cause of VF, we studied
279 cases with known Ml status (MI, n = 187; non-MI, n = 92), exclud-
ing 27 cases whose Ml status was unknown because they died before
a diagnosis was made. Mean HbA1c was higher in cases in whom VF
was caused by Ml than in cases in whom it was not (5.8 £ 0.3% and
5.7 £0.3%, respectively; P=0.013). We found a significant association
between HbA1c and Ml status [OR 1.14 (1.04—1.24), P = 0.005] with
adjustment for age, sex, CVD, and CVD risk (Supplementary material
online, Table S3). In our stratified analysis in patients with known
hospital-diagnosis and their matched controls (cases n=279, con-
trols n=1596), the association between HbA1c and VF was similar in
the Ml and non-Ml groups [OR 1.47 (1.37-1.58) and 1.32 (1.21-
1.44), respectively].
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Source population Invited population
="2,400,000 N = 6180

Emergency calls with
suspected OHCA
N = 6327

Excluded: N = 2431 Excluded: N = 3373
* No resuscitation initiated * Did not participate

Resuscitation initiated
N = 3896

Excluded: N = 628

* No cardiac cause
OHCA from
cardiac cause
N =3268
Excluded: N = 1446
* No VF

OHCA from cardiac
cause with VF
N = 1822

New Hoorn Study
participants

Excluded: N = 428
Known Diabetes Mellitus: N = 85
HbAlc 2 6.5%: N = 27
No HbA1c values measured: N = 20
Foreigner: N = 39

OHCA-VF cases Missing data on medical history: N = 296
99
Died before hospital admission: N = 119

Died at ER, no blood drawn: N = 114 | Patient not matched: N = 657

Excluded: N = 1023
* Age<40years:N=76
* Age > 65 years: N = 947

Excluded: N = 493
No consent: N = 31

No HbA1lc values measured: N = 31
HbA1lc measurement failed: N =5
Known Diabetes Mellitus: N = 59
HbAlc > 6.5%: N = 53

Missing data on medical history: N = 42

Matched controls
N=1722

Figure | A flowchart of patient inclusion. ER, emergency room; HbA1c, glycated haemoglobin; OHCA, out-of-hospital cardiac arrest; VF, ventricu-
lar fibrillation.

Table I Baseline characteristics of the study population

Cases (n = 306) Controls (n =1722) P-value®

Mean HbA1c (mmol/mol), mean + SD 395+ 34 356+34 <0.001
Percentage point, mean = SD 58+03 54+03 <0.001
ADA-criteria

Normal HbA1c (<5.7%) 113 (36.9) 1390 (80.7) <0.001

Increased HbA1c (>5.7%) 193 (63.1) 332(19.3)
Age (years), mean = SD 564+ 6.8 540+ 6.8 <0.001
Male sex 242 (79.1) 1116 (64.8) <0.001
Cardiovascular disease

Previous Ml 47 (15.4) 48 (2.8) <0.001

Previous stroke 17 (5.6) 0 (0.0) <0.001
Cardiovascular disease risk factors

Smoking 137 (44.8) 364 (21.1) <0.001

Hypertension 120 (39.2) 455 (26.4) <0.001

Hypercholesterolaemia 101 (33.0) 429 (24.9) 0.003

Obesity 46 (15.0) 242 (14.1) 0.651

Data are expressed as n (%) unless indicated otherwise.
ADA, American Diabetes Association; HbAc, glycated haemoglobin; MI, myocardial infarction; SD, standard deviation.
*Continuous variables were tested with Student’s t-test or ANOVA. Binary variables were tested with the ¥ test.
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Discussion

We found an association between HbAlc levels and VF risk among
individuals without known or newly diagnosed DM. Individuals with
increased HbA1c had > six-fold increased VF risk compared to

0.35

W non-SCA controls (n=1722)
B SCA cases (n=306)

0.3 -

0.25

0.2

0.15

0.1

percentage of group total

0.05

O ¥ 0 P R GV oM PGP B

HbA1c (%)
Figure 2 Distribution of HbA1c levels among SCA cases and

non-SCA controls without diabetes mellitus. HbA1c, glycated hae-
moglobin; SCA, sudden cardiac arrest.

individuals with normal HbA1c (<5.7%) after adjustment for estab-
lished risk factors for VF (smoking, hypertension, hypercholesterolae-
mia, and obesity). The association between HbA1c and VF risk was
also found among individuals without any concomitant CVD risk fac-
tors, and it was similarly strong in patients whose VF was caused by
Ml as in patients in whom VF was not caused by MI. Still, this associa-
tion was modified by Ml as cause of VF, as compared to other causes.

SCA in adults predominantly occurs in an out-of-hospital setting
and is often the first sign of heart disease.'” Given that survival rates
after out-of-hospital SCA are low, prevention is crucial. Yet, our abil-
ity to recognize individuals at risk is poor, and discovery of risk
markers is needed. In accordance with the observation that DM is a
major risk factor for SCA, glucose intolerance was also found to in-
crease SCA risk.” That study found, in a subgroup analysis in non-
diabetes patients, an OR (95% CI) of 1.31 (1.06—1.61), while we
found 1.41 (1.33-1.48). This difference may be explained by the fact
that that study had no ECG confirmed SCA. Additionally, the HbA1c
levels measured in the cases included in our study were measured
very close to the arrhythmic event, while the blood samples from the
study of Patel et al.’ used blood samples not specifically close to the
arrhythmic event (but at an unspecified time during follow-up of the
cohorts). Nevertheless, future studies should establish whether
HbA1c level is a useful biomarker to recognize increased VF risk
among non-diabetic individuals with or without CVD.

The increased SCA risk in DM patients has usually been explained
by the observation that HbAlc values predict the development of

Table 2 Odds ratios of the association between HbA1c and sudden cardiac arrest in individuals without diabetes

OR_ude 95% CI
HbA1c? 144 1.37-1.51
Increased HbA1c® (>5.7%) 7.44 5.58-9.93

Model 1 Model 2

ORadjusted 95% CI ORadjusted 95% CI
142 1.35-1.50 1.41 1.33-1.48
6.74 5.00-9.09 6.14 4.55-8.30

Model 1: OR adjusted for presence of cardiovascular disease (previous myocardial infarction and previous stroke) or cardiovascular risk factors (hypertension, hypercholestero-

laemia, smoking, and obesity). Model 2: OR adjusted for propensity score.
Cl, confidence interval; HbA1c, glycated haemoglobin; OR, odds ratio.

?ORs calculated with HbA1c levels defined as a continuous variable, OR expressed per 0.1% increase in HbA1c.
PORs calculated with HbA1c levels defined as a binary variable according to American Diabetes Association guidelines.“‘

Increased HbAlc (=5.7)

Cases Controls OR (95% CI) Interaction (P)

Male —— 145/242 197/1116 5.76 (4.12-8.06) 0.130
Female e 48/64 135/606 12.00 (6.08-23.66)

No manifest CVD —— 153/249 322/1674 6.33 (4.71-8.50) 0.829
Manifest CVD & 40/57 10/48 8.67 (3.49-21.59)

No CVD risk factors — 41/73 86/724 9.58 (5.54-16.57) 0.033
CVD risk factors —— 152/233 246/998 5.68 (4.11-7.85)

1 5 25

OR

Figure 3 Stratified analyses of risk of ventricular fibrillation in relation to increased HbA1c. Matched analysis for sex adjusted for presence of CVD
and CVD risk factors. Unmatched analysis for manifest CVD and CVD risk factors adjusted for age, sex, and presence CVD or CVD risk factors,
where appropriate. Cl, confidence interval; CVD, cardiovascular disease; HbA1c, glycated haemoglobin; OR, odds ratio.
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CVD."" This hypothesis is supported by our finding of higher HbA1c
levels among patients with Ml as the cause of VF. However, in our
study, Ml was not the cause of VF in a substantial number of cases,
and the association between HbA1c levels and VF risk was similarly
strong in Ml and non-Ml patients. Moreover, our study and others re-
port that SCA risk increased with rising HbA1c levels even among
individuals without CVD,>? suggesting that other mechanisms may
play an additional role. We can only speculate about the nature of
these mechanisms. First, in non-diabetic individuals, impaired fasting
glucose levels (leading to increased blood glucose levels and high-
normal HbA1c levels) and hyperinsulinaemia are associated with
QTc interval prolongation and higher heart rates.® Prolonged QTc
intervals are independently associated with SCA in the general popu-
lation,"® whereas higher heart rates in these individuals may suggest
increased sympathetic activity (a risk factor for cardiac arrhythmia
and SCA') and the presence of autonomic neuropathy. Second,
changes which predispose to malignant cardiac arrhythmias (e.g.
myocardial fibrosis) may have already developed at high-normal
HbA1c levels (5.7%).%°

The major strengths of our study are its prospective design and
the rigorous ascertainment of a cardiac cause of SCA, based on the
requirement of ECG-documentation of VF. Previous studies defined
SCA by death certificates. Yet, death certificate-based ascertainment
of SCA significantly overestimates the incidence of SCA." Moreover,
unlike other studies which correlated single baseline HbA1c or glu-
cose measurements to events occurring many years later,? including
malignant ventricular arrhythmias,’® we measured HbA1c in blood
samples drawn immediately after arrival at the hospital. HbA1c
reflects average blood glucose levels of the past 2-3 months preced-
ing measurement and is a relatively stable measure which is not much
affected by daily fluctuations of blood glucose or fasting/non-fasting
state. Therefore, our rationale was that changes in blood glucose lev-
els following VF are not (or only marginally) reflected in HbA1c levels
measured immediately after VF and that it is unlikely that these
HbA1c levels had significantly changed between time of VF and time
of measurement.

Limitations

Our study has some limitations. First, the HbA1c assays and circum-
stances of the blood sampling used for cases and controls were differ-
ent. While these disparities may account for some variation, it is
unlikely that they fully explain the large differences in HbA1c levels
that we observed between cases and controls. Although HbAlc
measurements were done in two different laboratories, these labora-
tories had similar precision and accuracy, as we learned from inspec-
tion of their reports for the Foundation of Quality Control for
Medical Laboratories. Second, not all data on confounders could be
obtained in a similar manner for cases and controls. However, the
presence of risk factors in the control group was based on medica-
tion use and measurements, prescribed and performed by a physi-
cian, and done in a similar way as for cases. Therefore, we believe
that these data can be compared with our case data. Moreover, we
did not use a nested case—control design; however, by using propen-
sity score matching on the probability to be a case, we tried to bal-
ance the case and control populations. Additionally, although we
performed an age/sex-matched case—control study in which we

aimed to match one case to up to 10 controls, we obtained more
matches for younger and female cases, resulting in a younger control
cohort with a more female sex distribution. To address this issue, we
performed conditional logistic regression analysis and a propensity
score-matched analysis. Moreover, we assumed that HbA1c levels
reflect blood glucose control both in DM patients and in individuals
from the community without DM. Lastly, residual confounding may
remain from factors unavailable for analysis.

Conclusion

Increasing HbA1c values in non-diabetic individuals are associated
with increased VF risk. This association is also present in non-diabetic
individuals without CVD or in patients in whom VF was not caused
by MI, suggesting that non-CVD mechanisms are present. Future
studies are suggested to research whether HbAlc levels are useful as
biomarker for VF risk in non-diabetic individuals. If so, HbA1c may be
included in risk scores to recognize individuals at risk and used as sim-
ple screening tool for VF risk in (primary) clinical practice.

Supplementary material
Supplementary material is available at Europace online.

Acknowledgements

The authors thank R. Stieglis, MSc, C.M. de Haas, MSc, and S. Brands,
MA for data management, and RW. Koster, MD, PhD for manage-
ment of the ARREST project. They are greatly indebted to all emer-
gency medical services personnel and general practitioners in the
study region. All authors had full access to all of the data in the study.
M.T.B, LH.v.D,, and H.L.T. take responsibility for the integrity of the
data and the accuracy of the data analysis.
The ESCAPE-NET investigators are listed in Ref?®

Conflict of interest: none declared.

Funding

This work was supported by the European Union’s Horizon 2020 re-
search and innovation programme under acronym ESCAPE-NET, regis-
tered under grant agreement No 733381, and the Netherlands
CardioVascular Research Initiative, Dutch Heart Foundation, Dutch
Federation of University Medical Centres, Netherlands Organization for
Health Research and Development, and Royal Netherlands Academy of
Sciences—CVON2017-15 RESCUED and CVON2018-30 Predict2.

References

1. Berdowski J, Berg RA, Tijssen |G, Koster RW. Global incidences of out-of-
hospital cardiac arrest and survival rates: systematic review of 67 prospective
studies. Resuscitation 2010;81:1479-87.

2. Jouven X, Lemaitre RN, Rea TD, Sotoodehnia N, Empana J-P, Siscovick DS.
Diabetes, glucose level, and risk of sudden cardiac death. Eur Heart | 2005;26:
2142-7.

3. Haffner SM, Lehto S, Rénnemaa T, Pyérild K, Laakso M. Mortality from coronary
heart disease in subjects with type 2 diabetes and in nondiabetic subjects with
and without prior myocardial infarction. N Engl | Med 1998;339:229-34.

4. Gerritsen ], Dekker JM, TenVoorde BJ, Kostense P), Heine R|, Bouter LM et al.
Impaired autonomic function is associated with increased mortality, especially in
subjects with diabetes, hypertension, or a history of cardiovascular disease: the
Hoorn Study. Diabetes Care 2001;24:1793-8.


https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euz338#supplementary-data

400

L.H. van Dongen et al.

vl

o

~

=

Nel

. Kuehl M, Stevens M. Cardiovascular autonomic neuropathies as complications

of diabetes mellitus. Nat Rev Endocrinol 2012;8:405-16.

Dekker JM, Feskens EJ, Schouten EG, Klootwijk P, Pool J, Kromhout D. QTc du-
ration is associated with levels of insulin and glucose tolerance: the Zutphen el-
derly study. Diabetes 1996,45:376-80.

Patel A, MacMahon S, Chalmers |, Neal B, Billot L, Woodward M et al. Intensive
blood glucose control and vascular outcomes in patients with type 2 diabetes. N
Engl ] Med 2008;358:2560-72.

Ray K, Kondapally Seshasai S, Wijesuriya S, Sivakumaran R, Nethercott S, Preiss
D et al. Effect of intensive control of glucose on cardiovascular outcomes and
death in patients with diabetes mellitus: a meta-analysis of randomised controlled
trials. Lancet 2009;373:1765-72.

. Patel RB, Moorthy MV, Chiuve SE, Pradhan AD, Cook NR, Albert CM.

Hemoglobin Alc levels and risk of sudden cardiac death: a nested case-control
study. Heart Rhythm 2017;14:72-8.

. Duckworth W, Abraira C, Moritz T, Reda D, Emanuele N, Reaven PD et al.

Glucose control and vascular complications in veterans with type 2 diabetes. N
Engl | Med 2009;360:129-39.

. Selvin E, Steffes M, Zhu H, Matsushita K, Wagenknecht L, Pankow ] et al.

Glycated hemoglobin, diabetes, and cardiovascular risk in nondiabetic adults. N
Engl | Med 2010;362:800-11.

. Hermanides RS, Kennedy MW, Kedhi E, van Dijk PR, Timmer JR, Ottervanger JP

et al. Impact of elevated HbA1c on long-term mortality in patients presenting
with acute myocardial infarction in daily clinical practice: insights from a ‘real
world’ prospective registry of the Zwolle Myocardial Infarction Study Group. Eur
Heart | Acute Cardiovasc Care 2019. doi:10.1177/2048872619849921.

. Zaccardi F, Webb DR, Kurl S, Khunti K, Davies M), Laukkanen JA. Inverse associ-

ation between fasting plasma glucose and risk of ventricular arrhythmias.
Diabetologia 2015;58:1797-802.

20.

21.

22.

23.

. Blom M, Van Hoeijen D, Bardai A, Berdowski ], Souverein P, De Bruin M et al.

Genetic, clinical and pharmacological determinants of out-of-hospital cardiac ar-
rest: rationale and outline of the AmsteRdam Resuscitation Studies (ARREST)
registry. Open Heart 2014;1:e000112.

. Rutters F, Nijpels G, Elders P, Stehouwer CDA, van der Heijden AA,

Groeneveld L et al. Cohort profile: the Hoorn studies. Int | Epidemiol 2018;47:
396.

. American Diabetes Association. Standards of medical care in diabetes—2014.

Diabetes Care 2014;37:514-80.

. Myerburg RJ, Kessler KM, Castellanos A. Sudden cardiac death: epidemiology,

transient risk, and intervention assessment. Ann Intern Med 1993;119:1187-97.

. Straus SM, Kors JA, De Bruin ML, van der Hooft CS, Hofman A, Heeringa | et al.

Prolonged QTc interval and risk of sudden cardiac death in a population of older
adults. | Am Coll Cardiol 2006;47:362—7.

. Shen MJ, Zipes DP. Role of the autonomic nervous system in modulating cardiac

arrhythmias. Circ Res 2014;114:1004-21.

Haring R, Baumeister SE, Lieb W, von Sarnowski B, Volzke H, Felix SB et al.
Glycated hemoglobin as a marker of subclinical atherosclerosis and cardiac
remodeling among non-diabetic adults from the general population. Diabetes Res
Clin Pract 2014;105:416-23.

Chugh SS, Jui J, Gunson K, Stecker EC, John BT, Thompson B et al. Current bur-
den of sudden cardiac death: multiple source surveillance versus retrospective
death certificate-based review in a large US community. | Am Coll Cardiol 2004;
44:1268-75.

The Emerging Risk Factors Collaboration. Glycated hemoglobin measurement
and prediction of cardiovascular disease. JAMA 2014;311:1225-33.

Empana J-P, Blom MT, Béttinger BW et al. Determinants of occurrence and sur-
vival after sudden cardiac arrest—a European perspective: the ESCAPE-NET
project. Resuscitation 2018;124:7-13.



	euz338-TF1
	euz338-TF2
	euz338-TF3
	euz338-TF4
	euz338-TF5
	euz338-TF6
	euz338-TF7

